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COAS’J’, the Ccrnmrllcr’s Assistant. is a scn]i-aulcrmatcd
player of the CDS wargamc  Iraining sinlulalicm.  It uses
rule-based techniques to nlanmvcr  a collection of
pla[cmns  through a ccrmplcx infiltration mission in
rc.sjmnsc  to a single high-1 cvc.1 orckr from a CIIS
conhwllcr.

CDS is clrivcn by orders from ccrntrollcrs of lhc
sinlulalicm. It (Jclivcrs  a  grcal dc.al of inlc.rnal slalc
information to [hc ccmlmllc.rs’  work s[aticrns.  COAS’1’
monitors this information flow, and controls the
infiltralin.g  units by sc.ncling orders of its own.

]Ilflllralillg LlllilS  arc CO1lIK)]]C.(]  by lwO tiers C)f IWICS.

llach unit has a plan, or job-lisf,  containing the jobs it
must succcssf~llly  complclc. I{ach job has a cluslcr of
job rwlcs which enable the. unit to carry out thal job.
ovc.r the job ruk?s arc the ccrnlr’ol  rwlcs, which plan Ihc
job-list for each unit and handle ccrntingcncics,

1 lNTROl)LJCrl’lON

‘1’his papc.r ccmccrns the design crf a rule-basczl systcm {O
do real-time analysis and control of a military training
simulation. ‘1’hc.  systcm,  CWAS’1’,  is wriltc.n in 01’S5
and C. ‘l’(r  m]dcrstancl  CC) AS’J’, onc must first undcrs[anrl
its c[]vironmcnt:  the Corps Rattle Sinmlalion (CIIS).

1 . 1  ‘1’hc Corps B a t h e  S i m u l a t i o n

CIIS is a v~argalllc/trail}il]g simulation written in
SIMSCl{llY1’  11.5. ‘1’hc training audicncc consists of
brigade.-lcvcl commanders and staffs, and higher cchclons
up to Ihc corps lCVC1. l’hc trainees arc located in
command posts as though a real war were in progress,
and communicate with their subordinate officers (c..g.,
b a t t a l i o n  ccrmmandcrs)  using  normal  m i l i t a r y
collltlltlllicaliol]s. ‘1’hc submdinatcs,  hmvcvcr,  a r c
playing a mlc; they arc really opcratms  of the CDS
systcm, They translate the military crrdcrs they rcccivc
into terms the. simulation can acccpl.

IIctwccn 2.0 and 50 cmnmandcrs  and staffs arc being

trained during a typical training cxc.rcisc; they interact
with hundrccls of operators, callc.d conlrwllm, who in
turn interact wilh CIIS. ]lach has command of onc or
more simulated military units, to which they scncl mtcrs
via a CIIS work station. In return, the simulation sends
a wide variety of status rcpcrrls to Ihc ccmtmllcrs,  as
shown in l(igurc 1. Some rcpcrrts  arc cli spla ycd
graphically, crvcrlaid cm a map of the battlcfickl. “1’hc
ccrntmllcrs relay this information back to the training
audit.ncc.
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1 ~i.gurc 1: Normal CIIS 1 )ataflmv

“1’hc.  two conflicting sides in a 01S training cxc.rcisc
arc called 111 .1I1OR (blue force) and 01)101< (opposing
fcrrcc). All trainc.cs  arc on lhc lll.lll;O1< s i d e .  ‘1’hc
O1’l;[)l/  side is played by a team of specially trained
ccrntro]lcrs.  Running a CIIS training cxc.rcisc is labor-
intc.nsivc- the overall ralio of ccrnmrllcrs  to trainees is
typically 1:1 or higher, Cosl-cffcctivcncss  would bc
impmvcd if the. ccmtrollcr-[cr-trainee ratio could bc
dccrcascd withcml sacrificing training value.

1.2 An A u t o m a t e d  l ’ l a y e r

l:or many years, wc have been intcrcstcd  in dc.vcloping
an autcmatcd player for CBS. The au(mnatcci playc.r
would assist or rcplacc a human contmllcr, improving
the colltrollcr-to- trail]cc ratio. “1’k nominal problcm
domain is battalion ccrmmand, since that is tllc lcvc.1 at
which the. conlrolicrs operate.. At present, each simulalcd
battalion is manage.ci by crnc or more controllers; in the.
heat of battle, as many as four controllers mighl bc
nc.cdc.d, As wc envision it, the p]aycr would  USC, rulc-
bascd and robotics tc.chniqucs,  an(i wmld  intcrac[ with
CBS jmt as a ccrntrcrllcr dots: by sending orders and



reading  rc,pmls.  Such a p]aycr might allow a single
contmllcr  m bc rcspcmsiblc for scvc.ral battalions; (his
woLIld bc a great savings in labor, especially cm Ihc
01’101/ sick In addition, an autmnalc.d  player can
incrcasc the rcsoluticm of Ihc training by playing [hc
batlalicms  as groups of smaller units. such as ccmpanics
and platoons,

COAS’1’,  the Gmmllcr’s Assistant, is our first SICJ>
toward an au[omatc.d player. Writlcn in C and a rulc-
bascd lat~guagc called 01’S5, it assists a human
ccmtrol]cr in performing a complex ancl tilllc-corlstllllillg
task: battalion itlfrltralicm. The csscncc  of infiltration is
moving a large number of JJcrscmncl from cm location
to anod)cr, usually behind enemy lines, while avoiding
enemy notice. Since it is clifficult  for a battalion to
move quietly, the battalion gc.ncrally  splits into many
smaller units, which nmvc in s[rict  march order along a
]Jrc.clctcrlllil]c{l  route., as shown in l~igufc 2, infiltration
thus trades cohcsicm ancl co]ll]lll]tlicalic)tls  for stcallh.
Once the cnlirc battalion rcachcs its dcslination,  it
l-cforms- and most likely bccomcs  quilt noticcab]c  in
short  cwdcr.  A typical in flltraticm mission may last for
days, and takes p]acc in a small region. COAS’1’
autcmitcs  this process,
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l~igurc. 2: A COAS”l’ Infiltration Mission

In response. to an cmlcr from a conlrollcr,  as shown in
l;igurc 3, CX)AS’1’  will take. ccm[rol of a batlalion. ‘1’hc
battalion is split into platoons, mancuvcrcd  in a stricl
march order along a mute, and rcasscmblcd at ttlc far end.
111 (I)c meantime, COASrI’  watches for contingency
situations, such as enemy activity, and citbcr handles
tt]cm ilsclf, or requests aid from the contmllcr, With
COAS’l”S  aid, a contmllcr may start such a mission, and
lc[ it ]mccc.d with only occasional supcrvisicm,

l@ example, a particular mission might invo]vc

infiltrating a battalion, by platoons, from a /it~c OJ
departure, to a link-up poin/. l:irst, the ccmrollcr  would
sc.nd an order to COAST, giving a ccmplctc. specification
of the mission. Next, COAST  would  split each plaloon
out of the baltalion unit, creating platoon units. l;ach
platoon would bc ordered to move to the line-of -
dcparlurc,  and then ordcrc.d to infiltrate to Ihc link-up
point. As each infiltrating platoon arrivccl at the litk-op
point, it would bc ordered to link up with the pla[cm]ls
which had alrc.a(iy arr’ivcci,  creating a single, larger u[lit,
Wi)cn ail of the piatoons  have merge.d, the baltalicm ilas
b e e n  rcasscmblcd  a t  t he  iink-up point, COAS’1’
accompiisilcs  this using standarci con(rollcr  orders, an(i
monitors ]nission progress by rcaciing stan(iard rc]mls,

f’)COAS’1’

l:igurc 3: CBS i)ataflow wilil COAST

2  COAS’J’  AI{ CI1l’1’lCC’J’LJRI~

COAS”J’  consists of two parts. ‘J’hc first is ti~c rule-based
systcm, wi~ich  i s  cailcci t h e  hiission  Opcratio]ls
hfanagcr, or hf[)hd. It is written in 01’S5,  an(i is
conccrncd ai most complctc.i y witil (he. problc.m (iomain.
‘1’i)c second ])arl, called tile Server, is writtc.n in C, “J’tlc
Server is the inlerfacc  bctwccn the hlOM and the rest of
01S. ‘J’hc Server rcccivcs  and proccsscs  orders from tile
conlro]icrs anti reports from ti]c simulation; tile Server
aliows the hfi[)hfl to scnci or~ic.rs to ti)c simulation. OIIC
can ti~ink of ti)c Server as ti)c MOM’s work station.
‘1’hc Server and tile MOM to.gcti~c.r comprise COAS”l’.

I’hc Server’s basic aigorilhm is as follows:

Rcccivc a contmiicr orcicr
Create a ncw mission
Crcalc a ncw instance of the hIOM
Give control of ti]c n~issicm to the hfiOhI
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Give ncw rcpor[s  to the MOM
ScnCi  Ibc MOM’s cmicrs,  if any,

10 k simulalicrn
Untii mission lcrnlinalirm

In response m dlc ccmlmllcr’s  orcicr, COAS”l’ crcatcs a
mw infiltration mission. At the mission slarl time, the
mission specifications and ali pcrlimn[ ballicficid ciala
arc loadcci into the MOM’s working memory, ‘l”hcn,  tile
h40M is give.n control and ti]c loop begins,

‘J’t]c MOM’s basic aigoriti]m  is as foilcnvs:

I Imp

Get rcporls  from lhc Server
ll]xia[c. battlcfic.kl mode]
1)0 analysis and conlrol

lJn[il mission termination

‘J’cr behave rcasonab]y,  the h40h4  must always have
good  ktlowlc(igc.  of tim sin]ulatc(i  balllcficlci-  that is, of
tile state of li)c simulation. ‘l”hcrcforc,  ti~c. L40h4
mai[)lains  a  model  of tlm batlicficlci in its working
IIlcmory. ‘J’hc. initial nmdc] is ]oadcci into li)c h40h4 by
ti~c Server with Ibc nlissicm specifications. ‘1’hc  hjohi
opdalcs tile mcxicl with each ncw set of rcJmrls.

As caci~ rc.lcvant sc.t of rcporls  is rcccivcd,  the. Server
loads the ncw cia[a into the MOM’s working mcmcrry.
Next, tile MOM uscs (1)c dala 10 Ly)dalc  its balllc.field
model, until it has a complctc, ccmsis[cnt i)ictorc of ti~c
baltlcficki. llacb ciatum is fit into the struc[urc,  and a
varicly of facls arc infcrrc(i. llrr example, tile h40hI
constantly tracks tile distance of c.ach infiltrating Ilnit
froln s e v e r a l  pcr[incnt  locations. I:inally,  IhC M[)M
anaiyzcs  lhc batllcficlci  situation, an(i ciccidcs whcti)cr  to
act. ‘J’hc  MOM acts by scnriing  onc or nlc~rc micrs to
the simulation. ‘J’tlc. ~ffcc[s of [ilosc mdcrs wil l  bc
icarnc(i  as fl]tmc reports arc rcccivcd.  (hm the h40h4
i}as lakct] all ncccssary steps, the loop cn(is, and Ii)c
h40M waits for IICW rcpcms.

1 ;or ins[ancc., cm kind of report COAS1’ rcccivcs  is a
nmvc.mcnt rcporl:  it says that a J>arlicuiar uail ilas nmvc(i
10 a ncw location, e.g., unit l/A/l -751<NG  is now al
U’1’h4 comiinatc  331 JUQ447365. ‘J’his report is loa(icd
into working memory, ami lhc mmlcl  maintenance mlc
sets compute that l/A/l -75RNG  is wilhin 100 meters of
Iilc link-up point. ‘1’hc analysis and contr’oi  ru]cs
cictcrminc  that l/A/l -751<NG  c a n  iink up will] its
ccmradcx, and cmicr tile simulation to make i[ so.

‘J’hc  hulk of the processing dc.scribed ilcrc is simple in
Ccmccpt,  Cvcn if complc.x in i]]]l~lcl])c[]ta{iot),  and wil l
nol bc discussc(i fmli]cr.  ‘1’hc  stcJ~ labeled “])0 Anaiysis
ancl Gmtrol”,  however, corrcspcmis  to lhc. brain of our
robot.

3 ANA I,YS]S .4Nl)  CX)N’1’ROI, I{ UI,lCS

‘J’hc prcvicm scc[icm dcscribcd how COAS’1’  keeps track
of cacil unit it ccmtmis, an(i noted that it monitors tbc
unit’s location, strc.ngth,  anti so for[i].  COASrl’  n]llst
aiso keep track of what each unit is trying 10 do. ‘J’o
facilitate tilis, wc bmkc (11c basic infiltration mission
down inio a number of @!M. l:igmc 4 si]ows some of
the jobs units migi]t do ciuring a typical infiltration
mission, ‘J’hc battalion, piclured at ti]c toi~, is furnisi~ing
platoons to the mission. The platoons must move to
the line of dcpariorc,  where they begin infiltrating,
l:inally, as the platoons arrive at the link-up i)oint, they
nmsl merge witi] ti~cir J)rcdcccssors.  ‘J’bc  jobs a l]]]it
might do arc dctc.rmincci by its role, 1 im’ example, the
battalion’s roic. is to furnish; it C1OCS not stage, infiltrate,
or liIIk-LIp.  An infiltrating platoon will stage., infiltrate,
atld liak-op, but it dots not furnish,
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l~igurc  4: lJnits and ‘1’heir Jobs

]{aci] job is define.d by a ru]c set, wilich consists of
three kitlds of rules: progress, SUCCCSS,  and failure.
]’rogrcss  ru]cs  arc what actually get {hc job done. Given
any rcasonab]c  state [i]c unit might bc in while cloitlg
tilis job, ti]crc must bc a progress rule to move it alo]lg
tmvarci cmq~lctil~g  ti]c job. Consider a unit witil tile
s[aging  job, If i! (iocs not yet exist, it must  bc split out
c)f tile batlalion. Once it cxisls, it must bc cmicrc(i to
move to the line of dcparlurc. “J”bcsc. stalcmcnts arc
cn)bryollic  ])rC)&’Css IWICS.

S u c c e s s  rules  rccogniyc  ti]at ti~c jc)b I]as bccl)
complctc(i successfully. A unit has slagcd succcssful]y
wl]cn it is at the line of (icpartorc, ti~c beginning of tbc



infillralicm  route. ‘J’hc  succc.ss ruk’s only purpose is 10
idcnlify successful ccrmplclicm,

l;ailmz  rules  rcccrgnizc  that lbc job cannot bc
conq)lctcd  succcssfu]ly,  for jcrb-specific masons. lkx
c.xamplc., suppose that the platoon camot  hc. split from
Ihc f[]rnishing battalion- perhaps Ihc remaining
pcrsmmcl arc loo fcw m staff a ncw platocm-simt  unit.
Ocarly,  Ihc plamcm catmo[ s[agc, since il camel even bc
brought into cxislcncc. A failure ruk  WOLII(I  iclcnlify the
failure, 1 ixlcrnal forces [hat migh(  prc.vcn[ succcssfu]
ccrmplclim  will not bc rccogni?.cd  by the job’s failure
rules. combat,  for instaucc., would prevent the plaloon
from slaging successfully, but hallctling combat is not
]~ar( of a  s t ag ing  unit’s job dcscripticm,  }ixtcrnal
ccmditims arc lhc provillcc of the ccmlrol mlc.s, dcscribcd
below.

An infiltrating unil will nominally CXCCNIC three jobs
in scqucncc: s[aging, infiltrating, and litlking-up.
]/a~hCr  thal)  Wli(il)g  S1)cCia]  rll]CS  WhiCtl  Say,  fOr  CXal@C,

“If a unit has sllcccssful]y  complctcd  staging, it should
now begin infillra[ing,’) wc give the unil a job-list
ccmlaining  the lhrcc jobs. As each job is comp]c[cd
succcssful]y,  it is removed fr’om the unit’s job-]is[, and
lhc unit proccccls wilt) the next job, ‘J’his is done by a
crwlrd  rule.

3.2 Colilrm] Rules

(~onlrol rwlcs con[ro] units  (and Ihus,  {hc cn[irc  mission)
by mal]ipulating  their job-lists. ‘1’hc mosl funclamen[al
ccmlrol rule. is sequc~jfial r?xeruiirm;  as mcnliot~cd  above:
as each job is succc.ssfully  complc.tcd it is remove.d from
the, unit’s jc)b-lisl. This allows Ihc next job 10 bc.gin.
‘] ’hCrC arC.  a]SO jl)i(ialj~.alhll  COll(rO]  rU]CS,  WhiCh  aSSj~ll

each  Ilnit an inilial job list based or] its role, and
col]lillgcncy conlrol r u l e s , which hancl]c  special
conditions.

A cotllillgcncy ru]c rccogni?.cs  (hat the job a unit is
doing is no lcrngcr approprialc,  or that the job’s fai]urc
flag has been raised. l;or example, it is inap]mpria[c (o
con(itmc  staging whik  undc.r attack,

A contingency mlc may take any of sc.veral ac[ims.
l:irs[, a job might bc inscr[cd al Ihc beginning of the
unit’s job-list. I;or imlancc,  infiltrating uni[s  usually
hide during the day. When day breaks, a contingency
rwlc ]N]IS the I)AY-llII)l;  job al (hc bcginoing of the job-
lisl for all units  which arc currently infiltrating. When
night falls, the l) AY-1111)11  job succccds,  and tllc units
resume infi]lrating-  -providcct  nolhing has happened in
(IIC mc.antimc.

NCXI, a utlit might bc given an cntirc]y  ncw jc)b tist.
An infil[ralin.g  unit which is fired LlpoI]  100 many Iimcs
is dcmorali?. cd, and wil l  abort  its m i s s i o n .  A
coulingc]~cy rwlc clears Ihc unit’s job list, and gives i[ a

ncw mc which will cause it ICI move 10 an abort rally
point.

la cxlrctnc case.s, the ccmtitlgc.ncy  rule will tramfcr the
unit to the ccmm]lcr. ‘l’hat is, Cl(lAS’J’ will nolify the
ccmtro}lcr that tbc unit is in troubk,  return control of the
unit to the contrdle.r,  and take no further rcspcmsibi]ity.
“l’his is also the stanclard  opc.rating procedure wbcn
U)AS’1’  cncomtcrs  prcrblcms thal arc rare or for which
solutions have not been i]l]I~lc]l]c.l][ccl.

4  ltVAI.UATION

‘l”hc combinalioa  of control rules ancl job rules provccl  at]
cffcctivc way 10 manage the uni(s  in an infiltration
mission. Wc bclicvc this tcchlliquc can bc USC41,  as is, to
autmatc other tasks as well. Nc.vcrthclcss,  there is
room for growth.

01’S5, utllikc procedural languages, has very Iittlc
StrllC(llrC.,  ‘1’hCL’C  arC CMlly  rlllCS, WhjCh  call  Work t~~CttlCr

in convcrlutcd  and obscure ways. It is difficult to
program a large systcm at lhc lcvc.t of single, ru]cs
wilhout bccmnc hopelessly lost. It is ncccssary to
impose slructurc on the language, preferably without
losing the. fluidity which makes a rule.-bascd language
at(ractivc.. ‘1’hc  dc.vc.lopmcm  of tbc MOhf has been cmc
of increasing struclurc  and cxprcssivc power. l;rom the
firsl, wc used several ccmvctlticma]  01’S5 control
mechanisms, such as subtasks  and agendas. ~n tcrl) of
this fcmn(iation, wc built the main loop al~d the. rule SC(S

which u]~lalc the battlcfickl  moclc.t, 011 top of that, WC.
built the analysis ancl control rwlcs.

Originally, the analysis and control rule set was very
mskuctlwcd.  There were no job mlc. s and control rules,
and DO job-lists, l?ach uuit had a scalar state variable,
and control was based otj its stale and all cxlcrmal
circumstances. I:or c.xamplc, a unit infiltrating to tbc
link-up jmint might have (I1c INIJIJ.”l’IIA’I’l  i-l’()-I,lJ}]
state, A [Init that was hicling during the day might have
the l) AY-IIII)J;  slate.. ]kscntially,  (IIC slate variab]c was
the Mohi’s summary of the unit’s condition ancl currcnl
goal. ‘1’his proved conq)lctcly unsatisfactcmy. llach
stale had to have specific rules for each state it might
jump to; for cxampk,  at day brc.ak, 1 Nl:ll .’l’RK1’I  L-”l’O-
I,UI) j~]mpcd to l)AY-I  11[)1;. ‘1’0 ensure. that this rule
firccl when i t  was supposed to ,  c .very othc.r
lNl~ll.”l’l?A’I’l  i-’l’()-1,lJl’ mlc itlcludcd the condition that
it was night time.. llach time a ncw unit stale was added,
wc had to consider all possible. transitions to other slalcs,
l:inally$ a scalar  s tate  could not cncodc cnougt]
information. Ik)r cxamp)c,  a unit in the l) AY-1111)11
state forgot  whc[hcr it had been in [hc INII’11  ,’l”RA’J’Il-
“1’0-1 ,111’  siatc or the. AIIOl?”l’-’O’l+ AlAl,1  .Y-1’OIN’1’  state.,
\Vhcn night fell, it was I1OI clear wbict] sla(c tllc unit
should  return t o .



I<*

‘1’hc. solution was, again, incrcascci  slruckm.  ‘1’hc iu]J>lcmcn[crJ CX)AS’J’ as J>art of Vcrsicm 1.4 of (he
individual jobs a unit might do were clcfiml  as job rule (bps Batllc Simulation,
sets, and the job list was born. Ilach job ru]c set is
collcc.rncd only with that job; all higher-lcve] conccm
arc tllc. province of the ccmtro] rules. lncrcascd  slructurc,
care.fu]ly clcsigncd,  yielded grcalcr cxJwcssivc  power.
NcrIc that the job rule/coutrol rule paradigm relics cm the
fluidity of the uuclcrlying  rule-basccl syslcm. ILacb uni(
has its own job, but all units pursue their jobs
complc.lcl y in JJarallcl. ~onlrol rules arc aclivc at lhc
same time. as job rwlcs, but with higher J>riority, so that
cou[ingcncics arc handled imnmliatcly.

‘1’hc control ru]cs  arc still rather unstructured. As
(?3AS’I”S capabilities arc CXJ~alKJCd, further struclm will
bc nccdcd. ‘1’hc  current Jm_acligm allows the hl[)hf to
manage a sitlglc, focused Iask, In Ihcory,  (X) AS’1’ can
bc cxtcndcd to coordinate complc.x missions comprising
a mmbc.r  of il][cr(lcJ>c.li(lcl~t t a sks ,  l;ach [ask would
conlrol rmc or more units. It] this schcmc,  CX)AS’1’
wou]cl bc givcm missicm specifications and rcsourccs
(e.g., unils), and would assign resources to tasks to
accomplish the missicm. l~or example, CX)AS’1’ could bc
ordc.reel to lake and hold a particular region. (3ivcn
alq~ropriatc  rcsourccs, ~OAS’1’  might conduct a company
infiltration mission, attack at dawn with the rcsl of [hc
bat[alicm, and call on an arlillcry unit to JJrovidc f i r e
Su])lmll.

A I Jmscnt wc arc enhatlcing ~OAS’1’ opcraticmally:
makit~g it a mm-c user-friend] y, useful, and reliable J)art
of the. 0S syslcm, II) Ihc fulurc, wc hope 10 cxlcnd its
capabilitic.s along lhc Iincs give.n above, and to aIqiy the
lcchniqucs to managi[lg  additional kinds  of missions.
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